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arrangement Of meanings and associaticns tnan does aishebe iIal

inisxing. However, {ifty years of liurary experisaca with classi-~

ficaticn systems indicates that classification is usefvl only

within the limited fields of the taxoncmic sciences,

The recent rebirth in intorest in general classification

systens is treced i5 ceritain probleme

a

lating ic the manhine

storage and retrieval of informaticny and it is shown that this

new interest, together with the new terminology of "abstraction

ladders," "semantic factoring" and "categorization," offers little

promise of sclving Lhe inherant difficulties of hisrarchical

clammifinstion., Tt ia conaluded thai ciassification remains a

"blind alley" and that other tachniques and principles of as-

scciating meanings must be found and developed,
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MACHINES AND CLASSIF(CATION IN THE ORGANIZATION OF INFORMATION

PART I

In previous papers we have recognizecd thet classi=-
fication, ane raniraeted with alphatetical subiect naadings
or coordina'» iraexine, sunplies 2 kind of conneciiveneas
between ideas and provides the possibility of "browsing®
through rclated ildeas.

"pAlphabetical arranpement is most coaveniant for
the user whe can precisely name the subject of

his search in the same terminology as used by

thi indexer, but may make scarching difficult

for cthera, Theae users who are not currapt

with the fashions in momenclaturo, who are not
completoly familisr with the subject of searcn

who have only a vague auesiion in mind, etc.,

can be helped by a syatem whose arrangement is
related to the organization of the field secarched."

"Classification can arrange 1ldeas, not merosly words,
since meaning can ba indicawsd through position,

a8 wsll as phrarcology where terminclogy is not
fiveds Browsing among related concerts is of
couraa, facilitated by placing them in proximity."1

The degoree o which any classitication system zs3-

sociatos ideas 13 a messurs of the effectiveness of

). : ~ :
Studies ir, Ccordinanie Indexine, pp. £8-69, Documentation

TAcorporated, Washington, D, G. {1953}
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the system. Where classif4ceiion fails is in itns arbitrary
disaasociations which are ir;used cxn related ideas by the re-
quirementa of Lhe aysism. These arbitrary disassociztions ars
hidden and the searche:r who ia content wiih %the relationships
displayed in the system will obiain only partial informaticn.

In short, for rsascna which will be sst forth in detail
below, ciessification systems are not truly effective instru-
ments ior dispiaying %0 nc browser or searches ail the idess
ir any system which are associated with any givon idea with
whizh the system i3 entered.

This {act was secognized by Dr. Vanrewzr push in the
;;otationz which posed the general problem ¢f the asscaiziion
of 1deis as nresented in our previous repori.

In spite of all the theorztical and practi_-.i apjections
which can be marshalled against -laegs i{ icution as a2 methed for
organizing information, clszsificetion systam3 are apparentiy
successiul in.essociatiwg ideas torn asuvnder by alpliabziicai
indexes, This leads many individunis and orgzaidzaiions to ever
nev ntiempts to deviese clasy lcaticn asystem:, Theso attemptis
have multiplied in recent ycars, nct bacause of any aciuai
Suctasses on the record, or any new davelopmentt in classifie
cation theery: They have rnultipliad because the machine search-

-3

ing of any considerable body of information seems to require

N

"Our ineptitudo in gotting at the record ig largely caused by
the artific.-lity of systems...and information 1s found {when
it i8) by tracing 1t down from subirlana {0 suhelans

.
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that the informatlor be pre-arranped in a classification system,

The classificntion of knowledge in the bicad philosophical
sonse is as old as seli-consclious knowladre itself; but the
classification of books, items of literature, or iiems of in-
formation is a preodust of the ninateenth century, It is cus-
tomary to explain the adoption of classification systems by
iibraries in terms of the growih ¢I the cpen-snell system cC1i
public and college libraries which occurred during the nine-
teenth century. If books are to be displayed for patronz to
do thoir own hrowsing and make their own selection, the hooxa
must be arranged in some generalized subtject order, e.g.,
science, religion, fictiun; history, hobbie3, sic.

This explanation docs noi illuminate the jump from gen-
eraiized snell arrangement to universal systems involving close
and detailed clagsification of each bogk or of each item of in-

3 a oy P | - o oemae oL P S
explanation 1s nesdsd O Acounot 10V The

‘11

formation. oome aths

bes,

tremendcuad emphasis upcn clagsiiication syctems st the turn of
the nineteenth and twantieth centuries, In 2 few peunsrations,
we have witnessed the development of ihe Dewey system; the
Library of Coangress system, the Cutter expansive system, the
Universal Decimal Classificatiocn, the Brewn Classification; the
Coloe Dlassilicebion, the Bliss Clasziflcation; the U. S,

Patent Offize Slasaification, and a host of others wiich were

vorn and have died in som: locs) library sr information center,
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The azplanation for this phencmenoi: is to be found in the
tempsr of the times, The nineteenth century waa the ape of
biclogy in the asnse in which the saventaenth contury was the
age >f physical science ancd the eightscath century was the sge
of reason and enlightsrment, This is not to say that thsre was
not, important work in the phyalcal sciances in the nineteanth
cantiry. Maxwell. Faraday. 0ibba. Feano, Frege, Gauss; Hiimholts
and dorens of othér important chemists, mathematiclans, and
physicists 1ived and worked during this period, and thare were
imporuant discovairias in &l [ields of scienca, FRut the idesn
which were generalized bYeyond the latoratory and which established
the inwellectual ciimate of the ags came from the science of
biology. From biological anelous cama the idess of mocial evo-
lution, the clsss struggle, survivel of the iiitest, ths white
rRan‘s vurden, maniiest desviny, snd ine irorn law of wages, Sinée
kiclogy 4o a taxonomic science. & science of classess, it is reason-
atle to expert that iibrarians and other systamastizers should em-
ploy tne tinlogirsl rotions of taxonomy and hierarchical classas
% organize their bocks and items of inlormation.

Tnen= puilders ¢f classification systems might have built
Daiter systems had they the wit or wisdom to perceiss that their

owWn stru~tures wers producta of an evolutioan whish would in turn

Gestroy them. Charles Sanders Piercs, who was a mathematician

and ona of the graat creators of modern logic, and not a biologist,

S TR e A M
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warnad the sysmtem builders of his day that the better they built
for the day, the shorter would be ths 1ife of what they built.l
And Kistzsche, who took evolution seriously, recognized that all
the ralues of his day must bs cuperseded; that tha supzrman must
follow man in the chain of =volutlcn. This insight, and parhaps
& lew blological complications, drove nim mad.

For 1% 18 certainly ths cream of tha jest that this zge

of blology was also in fact the age of Victorian smugness.

1G9

Evolution explained all dsvslupment and 2ll error up (o the

status quc, and scre way, scme how, evolution was suppoged to
ceass in ius nighest product, nineteenth century Europs.

In 1937, writing on this saeme topic in collsboration with

Dre. John Lund, we summad up the Zituation in thes: words:

“Tha rineteenth century hsd an abiding faith in the
carmanence of 1ts values gni the ultimete velidity
of its scisntific =tructures., This is illustrated
oy the pzrisi of svetematizers that, once & good
classification of kiowlodge was achieveu, i¢ would
b¢ permarent. They did not learn from ths fate of

previcus systems thai thalr own nust <f necessity
be OMe obac:pto.h
*Dacimal claseificsiion was born in a
per‘ud wher mankind had full gonfidence in

1he middle of the ninsteent: century was tho
culminavion point of sclentific positivism,
It seemed that the totalicy of rvailable

" knowiadge as well of future knowledge could
be arrargec in a simple predetermined plan,
Forgotten was the word of wisdom that Hamlet
W Horatio spoks.....' "S5

3Collecbed papers of Cherleuy Sanders Plewce, o-
Charles nartsrtorne and Peul weiss, Kirvard Uni
fambridge,

bThn iAbrary Quarteriv. 7, JIRG (% 1937),

5{?
‘.‘.\.
s
&
.
o
<

Duy'ts. in an address given b=fore the British
sivliography. Reportsd in "Notes and nawe," p.243,
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Leat it ba auppcosed that we were unfair then and unfair
now in our estimate of the temper of the times, wa quate be-
low from the arnnual Register of the University of Chicago for
19C2. In thec announcement of courses for the Depsrtment of
Physies for that year, students electing physics were told:

*Wwulle it 13 never saie to affirm thet the future

of Physical Science has nc marvels in etcre even
more &2tonishing than those of the past; it seems
probabtic {hst must of the grand underlying princie-
plee have heen firmiy established,. and that furilis:s
advances are to bs sauqht chiefly in the rigorous
application of thuse principlies 2ll the phenomena
which come under our notice.

:;'

It 15 hsre that the seienzy of measurement shows
its importance where cucatitative results are more
to be deesired than qualitative work, An eminent

piiydicist nas remarkad that the future truths of
?!-.uuical innnnr- ares to h- Yrnbad faw J thc aixth

- e AVUWNLINE SV

place of decimais.">
The chairman of the Dspariment of Physics at that tima

was Frofessor ke Ae. Micne.son of the Iamed Micheleon-Morely

’I)

sxperiment whose implications alrcady rhreatened the stabiiity
of the "grand underlying principles /so 7¢irmiy established."
Ias it any wonder, then, that "mere! iibrarians snould de-
lude themselves into thiniking that they could classify all
knowledge for all time? Dewey's proud boast thszt his classi-
fication sysiem could include sny new devalopmants in knowledgs
through the device cf adding anothor dizit after the decimal
point, != exactly on & par with the aaseiiion that new develop-

ments in physical sclence would ccusiass of refinements of megsurement.

‘Anruai Hooisier of the University of Chiecaso, p. 262 [1901-1502),

- e ..4--
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A few yoars ago, 1t could be said with considarable

a3surance that classificaticon was & deasd i2sus sc far as

librarianship and documentation were conzerned, More and rora
librariens and =cientista had come to depend on alphabetical
subject-heading systems and alnhabetical indexes, The cxcessive
preoccupation of the FII' with the Universal Decimsl Classj-
ficaticn was largsly responsible for its lack of infiuen.a
£lectivensss in practical librariansnip and documentation,
Libraries alreuly committed io various classification systems
had o me ¢ rezard such systens as davicea for shalf nctation
and not as usable and viabls “eys to ths subject conisat of
their collecticns.

A fav nsmes, Bliss and Rangure® .znt a few libraries; the Jeohn
Crerar Library in Chicago and the Englneering Soclieties Library
in New York retained throughocui the first haif of the present
century a praclical intersst in problems ol classification, 3ut
the gensrai feseling on maltors of classification has bsen weil
summed up by [ean Jesse Shera of Western Reserve Univernity
School of Library Scieice ln the follswing passagess

"Tedey, under the inpaci of a rapidly growlng volums

of graphic records, and the appsarance of new forms
of publication, traditional library ciassifications
ars becoming hopelessly inadequats, No amount of

ve=ic ravision or tampering with their organic structurs
can @svs them from this failure. As guides to ine

7Bibliograph1cal Sagrvicest! Their present State and Possibilities
5T-Tmnrovement. Ebpendix, p.‘l? (I9567. ~Tas UNESOD Library

an - ...-—- an

-
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subject content of the library they are easentially
meaningless, Fven libreriens, whe are best qualifiag
Lo intcrpret them end to explolt their vixuuva, use
e notation only &5 a guide to location, and largely
igne.h the interdisciplinary rslationships that they

were designed to reveal. Yet, as their efficiancy has

devlined, the cost of their maintenance has increased

until at lesst one major research library has abandoned
subject classification cf 1is book siocks and has turned

4 - -~ -4
0 other an..8nwv yavmi':u.ur, 1Q3

genization,"®

"The history of librery classification, then, haa been
the narrative of a pursuit of impossiblo goals, and 1%
pages are strewn with tha wreckems of thoss whe sithar
vere blissfully unaware of the danpers by which their
paths vere beset, or who noped to circumveni them
theough meve modifieation of previcus schematisms or
°imp1e tinkering with notation. Today the essentisi
faiiure of treditionsl library classifications is nre
more real than it was three-quarters of a century ago,
but it has become more apparsnt because of the ine
creasing buvlk znd complexity of the materials that
libraries are being called upon ic sarvice, and tha
growing speciziization ¢f the demands thal librarians
are being asked tc meei."S

8
"Claesification as the Basic of Biblicgraphnic Orraniuation"
in Bitliopraphic Orpanization, Papers treasented before the
rilteenth Annual Cbnfhrvnce of —%e Graauane Yibrsry Scheoy,
Jatr 53:27,41937, Pe fC. Edited Ly Jases H, Lhera ang

Margaret E. Tgan, Chicago, The University of Chivago Press,
(10:1 1

@ ).

"Classification: Current Functiors and Applicaiions to be
the Subjlect Analysis of Library Materiala," in The Subject
Analysis of LibrdFE hnLcriﬂ,a, p. 32. Edited by Maurice F.
Tachr, “School o1 ibrary Service, Columocia Univerﬂnty,
New York (1953).

ms o blbllopraphic or-

-
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How tnhen do we account for the rencwed interest in classi-
fication as a method of inf'ormation control? Within the last
few years, we have witnessed t... birth {and in somo cases, the
rapid death) of dozen= of new classification systems, among
whick we can name, The Story Cla=sification for the Army
Technical Reference Service; the Off'ice of Naval Research
Project Status Classificationj the Researci wnd Development
Board Classifiration of rescarch
Society for Maetals - Special Libraries Agsociation Metallur-
gical Literature Classification, ana the Standard Acronautical
Indexing Sy:ham.lo There has been a revival of interest in the
Univsrsal Decimal Clascificatilon, in the Pautent Office Classi.
11cation, anc in Kanganthan's Colon Classification. A research
project supported by Federal funds has labored f{or several

A sw

il lavoring on the development of "absiraction

rears and 12 sid

[«

ledders" and "scmantic factoring”,

This renewed search for the solution to an unsclvabiae
protlem results from s paradox, namely, the promise of machine
organization and retrieval of informaticn, and the actusl
siUwnvss vl Lhe macmine 1n une linear ssarching oi an index,
AS W& Bhail 8¢ in the following discussio:, classification
becomes one of the mesihods proposed for dividing an indsx in
order to shorten the timA require< {or & machine search,

10

In spite of the name, the Standard Aeronautical Indexing
Systvem is a niwrarchical classification system,
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Let us suppose we are

100 pnames.

two, occupled with pickir;

page and column, and acanning the proper column for

being scught.

To sesarch for

- 10 -

FART 11

searchning

Now it 12 quite practical o utilize an I

for tha nams "Bgker,

macnine, or some =imilar machine, or even a deck of edge-

notched cards, tc find one nams in & random file of

namas .

of an alphabetical file in a minute or twe.

might take a minute or
k; finding the proper
the name

& thousana

- e = MV mm==
]
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But suppose we

are looking for the name "Baker, Aible Charlie® in a list of

a million names comparable to the New Iork talephone book.

It might take us a liitle lenger tc 1ift the heavier book, to

find the right page and

given names and address as well zs the ilast name.

the right column, and tc zcan by the

Nevertheliess,

the time reouired for a search for one name in a slphabetical

list of a million names is of the same order of magnitude s

the tims recuired to find one name in an alphabeticzi 1list of

& thousand neanes,

But & machine search for one naw in a

random list cf a million rniames will teke one thousand times

as long as a machine search for ons name in a thousand,

It was the more or less vajjus realization of this fact

that, led the early advcecates of the application of punched~card

.=
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machines for Lhe orzsnisetion a2nd the retrieval of information
to recognise ihat machine methods couid not be applied efficieite
ly to the random searching of large masses of information. No
machine sesrch of a large random list can approach the apeed
with which the mind can jump to the exact positicn in an ordared
dst. It would be ailly to randomise a list of names in a phone

= T

book, or subject headings in an alphabeiical index, in order %o

ssarch for any pertisular name or heading with punchad-card
machines. An ordered iist when it i3 over a certain size ale-
ways enables the mind which recognises and utilizes the order

tc beat whe machine, Ths conclusion ic be dravn here is that

conclusion leads, in turn to a searsh for 1) weya to cut down

the si20 of indexes and 2) wgys to prefile or olassifly items

=]

f all permutations of terms in ths indsxing systsm, ssoms o
offar the promise of efficient use of machine methods. Cconsider
for exemple, a collection of 250,000 itams to ba organized in a

systam of information storage and retrisval, The items might

e, @ e T« R —— R e T

——p. atie,
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nyWidng - documenis; reports, paisnis, film footage or

iterms of hardware in a supply ocatalog., W¥With standard indaxing
systems, the sise of the indax would bs 250,000 timee ihe number
of ways each i1¢s= was indexed, ILet us assume that an everage

of four terms is required to pruperly indexing ¢r identify eech
item. 7The parmutation of L is 24, and thia gives us a maximum
figure of 6,000,000,000 headingy in the index, No index ever

I~y

attempts to use all possible permutations of ita terms s hsad-
ings; but a barely adequate }ndex in which each item i8s in-
dsxed by four terms will have at least four times ths numder

of index headings as iwwms. In this case. there vouid be

ng hsadings in order w insure that aach term
umed in ¢he indsx w1l Ls in & filing positicn and will be

found in proper elphebstical order. A punched-card system which
could utilizs ons card per document and enter ail four indexing
tnrma of a document on this cne card woul.u requirs only 250,600
cards for an adequate index, The sume reasoning cen bs applied

to edge-notched card systems, Hence, it iz trus that the use

cf machine methuds can reduce an index of 25G,000 iiems from

"

c
>0

-

,,.;JC‘ X 0 ('tl'r

iere N is the nusber of index andirss pst liews)
to 250,000 by eliminating the usual requirement o pregaring
mul tirle entries for aseh 1tem, The elinminaticn ¢f multiple
entriss foliows from the czpocity of machine systars to aearch

for uwn item under any word which incdexee it and to combine all
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such words for an item on one card. We can see, therefors,
that for systems in which n is large and the number of items
iz small, punched-card machines and edgsenotched cards do offer
the promise of a considerable reduction in the size of such
But note that the size in any instancs cannov be
smaller than the number of itsms in the system, This means
that when a number of units i3 larpe, e.g., Datent files, iloms
of supply, intelligonce repcrts, scientific and technics) reporta.
case records in a large hospital, stc,., ordinary systema of
machine organizatic. and retrieval sre not piractical.
random gearch of 1i.000.000 iteme by standard punched-card
systems will take abcut 33 hours per einzle search.
Surely the time required W Iind un iwem in the standarc
airhabetical index ui & millicn items or aven 12 miilion is
only a fraction of this time, Of course, ai. expenditwr-e of
time is required t set up and maintain alphabetical indexss,
but even if this time i2 more than that required to¢ punch a
sat of cards to be maintained in random order, if any apprecisebie
use is made of a random syatem; the great excese of time ior

w4 ') @~
b hd DSEL

if any, realized in setiing up the system. Finally, although

some systems claim the possibility of asking muitiple qusstions

tiphis figura 15 Lased on the ebility of certain experimental
1B equipment to scan an entire cerd at a rate of 500 cards
nar minuta. Standard, commorcially available IBM equipme:t
wiich sorts and celectz a column at a time would require 33
nours for the Tirst searczh by tie {irst column, Sselection
by the second, third colwan, =zta. would requirs an additional
tima, determined by the number of cards eliminated et each
suop of the gearch.

e e e S e
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during a singls search; ihe total systam iz zszarched for any
qusstiicn or quesiions and is unavajlable for consultetion by
any other searcher. The conclusion to be drawn from ths
considerations Gitlined above is that the reduciion in the
8ia» of a file made possible by coordinate indsxing does not
in itself establish the practicability of punchzd-card search-
ing of large syastems. Some more drasiic reduction in sise ia
Tequired,

If instead of searching the filo we collate or coordinate
terne, we can cnormously reduca the time of searching, but we
¥ill have W pay for this reduction in searching time by a

. Consider tha
Wwrs rapreseiv idess or iarms
in the index and the numbers represent the items to be indexed,
Let us asiume, as we did abuve, that sach item is indexed by

four tarms.

]

4
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Collating

In the array labalisd Searching. tha ninm it
3 Nz

O

me and thirtv.

8iXx indexing terms can be racorded onirine carda, A search for

any item indexed under the tarm "Q%

» Or any combingtion oy

tarms "LP" , necessitates a search of the totul file, in this

ca84 nine cards,

But, if the array were continusd on through
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s million items the search for "3" or "LP" would still i:uvolve
the examination of the total file of 1,0C5,500, If we turn to
the array labelled Collation, we note first that each of our
nine numbers 19 repsated four timea, a total of 35. This means
that 30 punchad cards {the number of itame x 1) rather than

nine ars needed, Now if we desire all items indexad with the

tarm "Q"; no sesvching is reguirsd; the array shows ue that
1tem § and & are under "0"., If we wigh all items indexed

R Ry 3 TR | _ »

P", BeZes L !.'-—°’=-‘3-- o 13-6-?'-. It is appare iv Lhat 1t 4 ana
7 are indexad under " LP",

In one resnact, thess arreys zrs rminsleading bossuss they

rsen: to indicate that there arc wore torms than documents. For
any large system of information the reverse is truej there are
alvays leas terme than items in any system of informatica large
enough ¢¢ Seaulre any organization at all. Evern in this small
sampls, ths number of items under any term is lesss than the
total number of items.

The rumbsr ¢f cards reguired for ssiting up

cclliating
eystem for 250,000 ilsms is aguin equal o 250,000 & n {where
n i¢ the average numbsr oi terms used Lo index &ny item).
Where n®=l, ws navs a million cards just a&s we did in our

standard alphabetical file. In cellrtion, however, the cards
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are not meintained in a sipngle arvay; instead we will have as

[ 3 SR - iy B
S ugvEe Gra ut
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mony arrays fovent torme uied 1n tae system,

Tuus, 18 10,000 difTiiront werms are usad in indexiie 250,000
documentls we will hnve 10,000 arrays o1 cards. Each array
|

will then centain 250,600 x 4 eards or 100, The total number

10,000
of cards wlll be {he nuaber of arrays times the number of cards

in each array: 10,0660 » 100 «~ 1,000,000,

The process cf o¢»nllatine for any item or itsms indaxed by
any four verms in this system will involive the coliation of
LOO cards (four arrays of 107 each), Sirze. in a file orpanized
for selectlion by svarenine, we will have to sgearch 250,500 cards,
%3 can conclude that whereas we muliiplied cur file by kL, in
order to shift frci searching to collating, we cut machine time
by a factor of gép.ﬁqg or 625. On the other hand, a punched-

400
card file for coliating must be mailntained in a iixed order.
It i3 not poasible ta zollate two random flles Uy standard
machine meihods.

The superiority cf collatlon to searching as a machine
sathiod for making gelections from larje systems does not
matarially or collation enuals in
size & staundard index and mugt exhibai tha same type of rigorous
order, Furthermore, collating i3 a relatively slow machine
process, and collatliy: four arrays irvolves threa machine runs.

Thers 18 vo evidence thab such an oiiration is less tlme-conguning

o e ———— 11+ e €7 W0 ST T
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and more efficient then searching fcr the proper hesding oy
mind, oyz, and haid in & regular index.

wWe are, of course, assuring that an item indexsd by four
items will require and receive only fuur sntries in a stendard
indax. If, in the standard index, we wish to provide for the
other posaible permutations of terms in an alphebatical sequence,
we muat inerezze ths sics of the fiie. In a collation system,
ws provide for all posaible permutations with a maximum numbsr
{ cards equal to the praduct of the nuwrber of items and ths

2 s

averasgs numhar 3 index eaun item, Using cur

figures of 250,000 items and L terms. the difference here can
be expressed by means of the followling equations:
Collation: 260,200 v ) = 431 -5o35ibls permuiaiiznm.
Standard Zlphabetical Systems: 250, x 24 = ALl
possible permutations.

This capacity to provide for ail permutsticns wvithout ine
creasiing the sizs cf the file constitutes a definite acdvantage
of machins systems over standard alphabetical indexes. Eut
thie adventage is only sigiificant when tha number of desired
permutations is large and the numbsr of units indexed is amsail,

rom these considerations, the conclusion has been generally
drawn that the linsar machine zzarching of an ciphabetical ine
dex 18 nct a zracticil cltcrnative to eambablished manual methcds,

it im to escaps thi. coneclusion that once again attempts gre
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beinpg made o develep classification sysiems. & classification

¥ 2h provides a nilerarchical sa
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classes preswnibly makes it possible to search for any item

in a class or subclass, rather than in a total csystem, Gene-

which containz upwards of 2,500,000 patents in cver 300 main
W) oy iy tmgronadl el laYa e [ (4 Y 3 - . s . .~ .
cABITVY KA Quyisanr suucLalsey, vappese Lnat 24Ch pawnt couid

be uniqualy claszifjed and thet a searcn for 8 group of analogous

patents could bs restricted to a msearch of a single class, Wws
o T I B P -~ b - YW mn e mee B2 Mooy m il skt il esecieod o —idd Ay
wWALU Wil T v wp s DT lidia e 444000 Vi pUlILIITU Catilid;; sz, 4ll
esch of these files malke 2 complete zoarch in an average tims

cf 1% minutes, whereas i4 would take over 50 hours to searc.

all tha cardn, Tf tha carda were prefiiad {n 50,005 (LAELLEL IR

group of patents in the same subclass,

Unfortunntely, as is pencrally recognized, the Fatent
Uffice Classification does not asccomplish the unique claspi-
fication cf analopous patunis. Recently we made a test scarch
tor patents on "alreraft de-icing equipment.” Kven though we
found a subclass Malrcisf{t-ice remeving emulpment” under the
main class M"aircraft," much of the annlopous nri was found
chrousit oress references to be i the other clasaes, somelyt

"heatl englnes', Y"pumes", "vibrators", rie,

>
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The fact that any search in the Patent 0ffica Classie
fication may involve a& dczen or mors classes and subclaases,
indicetes that thie classiiication will not rrovide the
unique lecestion and mutually exclusive classes reguired for
cutting down the time of machine searching. This conclusicn
is to be expected since the Patont Office Classification was
not dsvelopad for use with machines,
tesnticon o
davisa classificaticn systame designed especially for machine
ssarching. In this connection we will consider briafly Dr,
lassification List for the Army Tenhnical

Haference Service'  and Mr, James Perry's work with "abe

Dr. Story attempted tc conatruct a classifization which
would permit tre assignment of one class number %0 a report~1
but in his ocwn test he assigned an average cf 1.335 class
numhers per re?ort,lb thus admitting his attempt at creating

mutually sxclusive class numbers was unsuccessiui. Furihers

12
Tho material which fullows is based on an adminisirztive re-
port by C. J, Gull to the Armed Serviczs Technical Intormsiion
Agency.

13

iis ruie for classifying is quote on p. ?4-~-25 of a4 report,
"Analyais of the Proposed Classificacion uiet for th= Army
Technical Reference Service, August, 1949", prupared by

Uucumentation Incorporated in “ecomhe‘ 1952, fer ths Armed

B
Sarvicea Tegkhninal Information Azensy Wastineton OC h r
—e wvallt AgUiivwg g vraswsias :p, 48] ~n -8
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inore, he recognized that some gubjects aro common io more than
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lass, and provided Lhree tables of numbers for theee
15 : .
subjects,”” mony of which are not duplicated in the main cleases,

All of the numboss were reccrded on IBM punched cards, and the
cards arranged by main classes, which threw the numbers from

the tables out of order. 43 a result, a search for any number

P . PR g U A
Ve FTUYULIOU W ovareil Wi 4L

the punched cards,

vrta Pha bhne
- e e N Ll »

}=d

and thes the attempt at reducinpg the number cf cards to be searched

by uaing a classification was vitiated for the tables as well as

(3 PR e sy

L ] £
fc 2 Main Thadldcs,.
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Published repcris are not available from which we can
evaluate fully the work of Mr. PFerry and his collczpues. Erougn
has been sald publicly to permit us tc offer & preliminary esti-
mate of the contribution of the concepis of "abstraztion ladders"
and "ssmantic factoring", to & soitution to this problem.

in Yabatraction laddei " as originally propcged by Mr,

verry was a highly descriptive name for the .axonomic relation-

ship of classaa:

3 Phylum Chordata
32 Class Mamnmalia
327 Order Carnivora
327k Famlily Tanidae
32748 Genus Dow
327105 ﬁpec1csz Labrador Relriovey

Airdale
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The numheng at the left of the table can 5s eonaidarsd gode
de..ignations for tha various lovsla of abei=aeiion. Thum, if
we wish to find everything on Fammalis; vz sori, or search, for
sverything coded "32". Such 8 search would at the sams time
daliver &ll information on Csrnivora (327), Canidae {327L),
Dogs (32748}, etc. We oan also atari at ths cther end of the
ladder and sezrch for Labrador Retrievers by sggrching for
overything coded 327455, Such a ssarch would not give us any
information pertaining o the higher steps of the ladder, In

negllis ¢ gsnSTIC 8darch;

Y

ghoert, 2n abstrsction ladder mabks

m
W

i.0., & z0arch for cissses within classes without reguiring

us to specifiy in advance ail the cliesses and subclassee zone
tained 1ii the cleass which im the object i the search. Further.
more, if we prefile ‘he matericl by clusa, i,e., 211 "3's" to-
gowicr or all “32's" togother, presumably 1+ 18 only necessary
w search such prefiled grovrs for any information o zny iten

& an

ailonging w same abstraction iadder., To be sure, this

]

sousibility follows from & predetermination of abstraction
ladders and s coding system based upon such pradetsrmination.
Supposs that wa have ancther ss=ction of thie file on the
l! ’

" ‘) 1} it
eubisch,Menners and Custonms and Lhat under this class wu have

the followirg¢ ehstraclion ladder:
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9 Manrers and Customs
Gz Rural Sporis
928 Hunting
9286 iHunting Dogs
92864 Labradz: Retrisvers

It is immediately obvious that all material on Dops will
not be found by seairching for 327i:8, nor will &ll material on
Labrador ftetricvers be found in one abstrastion laddsr or pre-
filad group under Chordata, Mammaiia, or Dogs.

It will be said at this point that the taxoncmic re-
lations, the relationa of class inclusion an¢ subordinaticn,
i1lusir-ated by the abatraction ladder from Chordata to Labrador
Fetrievers are more "true" or more "objeulive" than une rsla-
ticne exhibited by the leddor Manners snd Customz to i.abrador
Retrievers. 1In a certain zanse, we admit thig is
The apparent ovjiectivity of abstraction ladders in the fielas
of zoology and botany is a refiection or the fact that in these
fields thecre are estabiished taxcriomies which have achiaved

reneral acceptance., We must still question whether or not

ona eboiruactien ladder as more Yobjectiva' oo "irue" than
another. For example tne abstiracticn ladder:
Manpers and Custoss

fural Sporis
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Labredor Retrievers
is no more objective or true than the abstraction ladder:

Canada

lewfoundlan

Fauna

L:brador Retrievers

It will be said hera thut we have used different piinci-

ples §f subordination; that the sense in which Newfcundland
is subordinate to Canada is rot the sense in wnich Fauna is
sutcrdinated to Labredor; or the sense in which Rural Sports
is subordinated to Manners &nd Customs, Again, we recognize
that thir vague sense of different kinds of subordination has

15 im has not hitherto haen

a basis in fsct, but what thig bh=s
specified in the literature of claszification and information
theory,

Subordinaticn in classification systema is alwaye a re-

lation of class inclusicn as conirasted with the relaticn of

relationship of elements in a coordinzts indsx., An abstraction
ladder from Chordata to Labrador Retrievers can be illussrcted
by a set of circles in which the subordinate circls 1s in-

ciuded in the higher or more goneric circle,

e - Y T - m———

4
]
=
¥
3
3l
g
a3
i
d
:
-




o e ame . o e ———

= 98 &

//’ hordat
/‘ Mammﬂ'b\
Jm.\y:h\

Vo
-

\\\ LEbeatioh eSS
\KL)?T

~ e tadaat oa U O ey IR T .
el Wit AVEALTE LVnNguntulivn 91 rada andg

_p———

On the ot

Newfoundland can be pictured as two overlapping circles:

( Fauns %Nev!ound!md‘)

. ¥

. ~ 7/
v \-_—"
'-Nem’oundland vauna

In the ladder Chordats to Latrador Retrisver, the claas
Mamnals is included in the class Chorcata, since there atre
no Xarmsls whicn are not Chordatag but there are carniverous
enimals which are not Marmslis. For example, birds, fish,

and soms reptiles. The Carnivore, as an order of ths ¢
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If two ideas or classes are related by ths relation of

logical coajunction we cen set up ihe order of puhardinziicn

in either dirsection a3 suite our purposs. We can for exsmple,
get up & ladder in wihich the largest class is carnivorous
animals and ws can subordinate Mammals tc carnivorous animals,
Just a& we can subcrdinate Newfoundland to Faunaj but Carnivers,
definsd as speclel class of Mammals heving certain spacisl
charecteristicy is aubordinate to Mammals by dsfirition, There

is nc gueaticn of objectivity or iruth here but cnly a nmatter

Ve

o
[}

definition or the meanings of words. Being a mammal ls part
of the definition of being a Carnivora. This is more obvious,
perhaps, in the case of Newfoundland Fauna, which by the vepry
meaning of the words is recognized &3 a subclass of the class
Fauna. The certainty and aszurance with which we subordinate _ 4

Curidvora to Mammals or Newfoundland Fauna to Faunan darives ' x

-

from our acceptance of formal definitions and not from ar
recoginitior or dimcovery ¢f truth or truve relationships in
pavure.

A taxonomy 18 & system of definitions which fixes the

relationship between a set of terms and,; hance

o &
of & ent

3 of
clanses denoted by the terms. Systematic gzcelogy and betany
and parts of chemistry are taxoncmic sciences hscause iiielr
vocabulariee arc fixed by such delinitions. Now the extension

of the texonomic method o science in geperal, or tc the field

-

- e L A 3 e = o S
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of intslligence, assumes thai Lhe viucsbularie= of science
OF inlwliligence constitute a taxonomy or & systsam of sbstraction
ladézre, This sssumption we car state without gualification is

false.

T
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PART I.I
In developing the {heoretical discuscion presented above,
we examined adeveral major cliazsification systeme to detormine
how the subcrdination of classes is achieved in them, The

National Advisory Committee fcr Aeronautics clsssification

system which was studied sariier in connection with the prepars-

AWTLs RIS

tion of one of our reports ta ASTIA,;

[
Y]

nct a sullabis system

for our present purpcses since it is admittedly basad on local
and arbitrary ground rules. Wwe have, therefore, taken cur
examplea from ayastems which claim tc be bassd on raticnal and
objective considerations, nemely the Ui, & Patent Office
Clasoificatior and Rlies's "Bibliogranh
We might have choessn examples from the Libtrary of Congrsss
systam or the Dewey a&stem both ~f which we nave subjectssd to
thorough sxamination; but the Patent Office Classificeticn
seemed particularly appropriete tc our purpoases since those who
sre responeible for creating end using it meke a great point
of the inabilliuy o1 1ndexes to display the generic relatione
ahips and associaticii8 required in natent ssarching. Bliss's
liograzpnical Classification" has Geen chossn becauss 1t is
tha lstest and, presumably, tie mosti *acieniific! of all
library classificsation sysiems.

In both ayatems we discovered end disvingmished thiee

wathode of achieving subordination of onc idea

S
"
5
&
7 ]
b

5
15, Bibliographic Classification. by Harry Zuelym Sliss
He W Wiison CO.. Now Jork 119520,

rmap s —
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Thatl SaXonomic suha &
can only be found ii the taxonomic sciancaz included s
secticns of over-sll claacification systems; and that the
balance of a general classificaiion system like the Patent
Office system, or the Bliss syatem exhibited only semantic and
logical subordination,

Semantic Svbordination:

As the nama indicetes, aemantic subordinstion is - . rely
verial in character end differs from slphabetical indexing
only in being srranged differently on & page. Corneider for
axample, the following ests of ferws and phrases which might
be found in any alphsbstical index:

Functions, Additive, of azgregetas
Functionz, Scniinucus

Functions, M f€ferenticbhle
Functiona, Discontinuous
Functicns, Integreble

Funetions, Symmstric

Funciions, Types of

or

Science

Sclence; History of

Science, Philosophy of

i s - S A R A T T ST V3T LIS T 0T
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Seisnce, Principles and methods of
or
Velves

Vilyes, Check

Valves, Jate
Yalves, Reducing
Valves, Seated
If we errangs these ssts of ‘erme W 1look liks parie of

s8 Mr. Bliss has done, we get the followings

Types of functicmn:
sggrsgaten of additive funciisne
Continuous fuactions
Differentiabls functicns
Discontinuous functicns
Integrabie functions
Symmstile functions
or

Se¢lence

History of sciernce

Philicsephv of scziencs

3

ineiple ' and metihonds of scienca

cr

Valves
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Chock vaives
Gate valves
Reducing valves

Seated valves

Automatic

index 28 follows:s

Cluiches

Auiomatie
i Clutches, Muitiple

)
i : Since tho

The fcllowing axamnla of semantis eu

and Power-Stop Contrel,” Urd
is listed:

30 Cluiches

3045

Loginonlng of mo

\w
|
L]

T g
uantn

e -~ PV a2 2 - - - 7
fice Cisssilicetion, Tleme 132, "Ulutches

irder thiz classification, there

Impact delivery ty

32 Manual control
. Ll Cne &y engaging
L8 Multipie

These headings can be rearranged for g zlphabetiassl

Clutches = Impact delivery type

Maovmarn?

™ -
¥ aGIiuGse VWUitLWI'wA

- One wuy enpguging

dérn librariarship, exncnente

! of classification have been able to coavincs a great many

s
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people that the indentcd arrancemun® i8 more logical than

o3

vha inverted; whereas examination discicszes only a differance
in e#’ :iic or physical arrsngsment., Mr, Bliss and those re-

sponsible for the Patent Cffice Classification share a fzilure

|

e ex

to recognize that classificaticn, w

ldd

tent that it achieves
subordination by semantic meanx (e,g.. subordinates "check
valves" to "valves", "discontinuous funcuions" to "functions"

oo & - kY

utomatic sluiches 10 cluiches, depends upon words ana not
upon any logic of idsas which underlies thée worda. That iw
to say, the voast which classiliera mzke of having schieved
legicsi Urder a3 opsosed Lo verbal or aiphabetical order is
empty and meaningless, to the extent that they use semantde

subordination.

Topica). Sudordination:

The secornd way classifiers =chieve subordination iz through
‘wpical subdivision., This method is called “cross classiiica-
tion®" by Mr, Blise in his introduction z=nd he fiiustratos it
by means of the following tables:

Plants Inreciz Birds Memmals

Aquatic

Terrestrial

Amphivlouz

Aeiic
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Aquatic Lana Anphibious ieric
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it 8hould ve apparent that there 18 no real difference between
these iwo taties and that it i8 no more logical or scientific

to subdivide forms of 1ife by hahitat than to subdivide habiiat
by forms of iife, Mr, Bliss realizea thisj hence, his use of

the term “ecross classification" and hie statement that: "Clanarces,

or sub~-classes.

¢! he same grade, or order, of division are
termed coordinate, and the principle of placing them in such
order is ccordination, Subordination and coordination ere thus
relative to division and gradation. The coordinate aub-classes

ki

ay be coordinated®, Howaver,

~
-

L ]
£
(£}
H

nredd mads o
WAVVA wadl@® T W

i1¢ does not take the final and neceasary step which is tha
recognitien that the sutordination of one topic to enother is
arbitrary and parcchizl and has no claim to 2ogical or uni-
veyrsal sipgnificance,

he following exampie of iopical sutordinaticn i3 taken

from the Patent Office Classification Cuinss 75, "Metallurgy.”

17
BliSS, lbido, P 60

Cemra e
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122 Alloy=
136 Alumdnum
190 -.... -
‘»‘l

140 Tin
l.hl Zine
142 Magnesium
k3 Silicon
Ly Nickel
15 Silver
146 Zine
7 Magnesium
123 Siiiecc
153 Copper
154 Tin
156 Lez
155.5 Zinc
167 2inc
i87.% 24nc

Here =agsin, it is cisar that topical =ubordinatlion 12 reaily
coordination, There 1s no senze in which aluminum is more

We can put thia same observation in strongsr language by noting
thet it is nonsenee tc supposs an errangsaént on & page ca:
make coppey gensric to %in or tin subordinals to, or a sube
division of copper in the sense that carnivorsz are subordinate
to or a s:udivision of ma mals or icdins is suvordinate to or

& suodivision of halides.

Thoza

g

<

mo forms of relationship. the topical and semantie,

conetitute overwvhalming proportion of most classificaticn sysitems,
Once this premisze is eatablished the conclusion follows ithsi
universsl classification 18 no more significant then a pattéern

1

of pristineg on & pezs, and hes nc loglc other than tie logic

of general discourse,

o e e $
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Taxonomic Subordination:

All peneral classification zystems which include sections
on botany, zoology and chemistry exhibit, as we noted in Fart
II, genddne taxonoadc relations of one-way subordinaiion and

inclusicn. In tha Patent Uffice Classiiication we find in-

stances in Clars 260, "Chemistry, Carbon Compounds", e.g.t
251 Azine
250 Diazine
2.2 Pyrimidine

In this= case 45 in our previous examples drawn Trom the fleld
cf zoclogy, the vary meaning of ths vords; determines that

Dianine iuclude Pyrimigines,
S$ince Blizs's Bibliceraphies Clemsifiestizs iilizes

viological laxcnomies fuor nis ciass “F¥ Botany, and his class

"G" Zoology. there 13 no need o lavor this peint any further,

p - — e e e e ——- = i
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PART 2V

albthough fuiiy deveioped avatraciion tadders do not
exist cutalds of the spacial texinomic sciences, ii all flelds
of science we do use words whizsh ara defined in terms ¢f their

reletion o mors generic words or idean. The Tant

|"

that 4
o

resant menihs w8 nave hieard little about szbatracilun ladders

from Hr, Psrry and more about an ocveration kncwn as Menmantis

(43

factoring" is no deubi atiridutabls to his ecoarition thet
aven though #o cannot ersats iruly sigrificant avsuraction
ladders, we can usvally consider :sny clz38 in reliation to 2
higher claes, Yor sxample, & bomber may be cefined as a tyne
of airplans, and in aome 1:Tormsticn systems it rught de =3rth
wnils to index any materisl c¢n bombers undsr hoth headings;
“oombers® and “airplanse”, Such two-lavel relatjonshiys sre
net 1addsrs excepi in a sanse whic) 80 minlz=l as to be
trivial. We havs notsd in cur empirical work thet indsxing
on twe lavels u2sually makes 2 good deal of sense, wherza= the
atiampt o go beyond tve lavels rakes vory Jittie sense. In
ong instanis, for example; ws dete.smired (0 index materisl on
peatedes under the hesding "tubes”, out it would have seemed
silly to use the nex{ iipner level "eclssirconic devicss", We
might index material on iodine under "halogans" but net unier

herdcale", In a lectwiu givern a% the Scnool of Library

e .
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1 as
sxemple of semantie tacturine, vhe relationship between the
terms "weapon" and "sine", He could not oifer any term for
the next higher or lower level and staled that semantic factore

-

ing uduvalliy involved only two levels. One= fact which may ac-
couirt for the ecagse with wiish we can index on twe levels, or our
readiness to acceptl semantic factering as a two-level nrocess,
is the staiward dictionary practice of defining something by
describing it nn 3 speciel kind of the next hiphsr genus.
Wobster's Collepinic Dictionury defines "pistel" as a certain
kind of firearm; it defines "{irearm" as a certain kind of

weepon; and it defines "weapon" ags a cortain kind of instrue
But our problem here is not with the possibility of

defining worde on two or more levels, but with esiimating the
contribuition of such definitions to the solution ¢f the :.roblem
of excesrive zachdiw-oesceh tinc, i in Lhe veesbulary of any'.
aystem of informaiion Lhe number of semgnbfc fucters is a sms)l
portioﬁ of the total vecthulary and ench term {h-thls vacabp-~'.
lary cen orly Lo fuctored one unry, 1.0, can be related to orly
on:- of *hn o tice "uLLn"u, chrn ve Luuld nppr-ri"bly reduse
travehine tine by ros trLcljnn "'“"chzx: far any igpm to ~n

nrainy ef togns under one foaginr, il v~ havs i yeocorn to

suraer Lost Lhis :imrddﬂnlrdﬁatu'nﬂu111u'mﬁm-‘k~hn1di
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Ter any eotual informsuion eyetem, VYe recognise that pistls
ars firearma and firearms are weepons, Bui pistolis may, with

&8 much logic. e grouped wiih Sam Brown belte anc oclothing

[0
P4
%
[]
"
2
(&)
4
o
[
(4]
(1)
e |

under the genesal ' gsguipment a8 with mines,

atomic bonbs and guldsd

4

ssiiss under the pensral cizoe
"wesponate
in short, we mey take advantape of what ths dictionery
nd

tslls us about she msaning of wordsz 4o make our indexins mors

useful for sesrches at various lewsls of ra-sral’ 4y, but we
canrot uwllize such defirdticns to divide & sy:ism of lns

formatics in order to reduce the tims of ssarch. Jur cone
elusion hers a2& with all of cur conclusiuns ia this paper,
hee a5 empiricai as well as & thecreticel bssis.

In thy paper we quoted at ths heeinndng I thie dis.
oussion, and in another paper in the same voliums, we abisipted
v find in the idsa of ™ategorizatior” a ind of spscial
gronping of ldeas or semantic lactors without 2ystematiq
subdivisions « & middle ground as ii w ~ Sstueen 2lossifice~
tion systene and i sirsighni siphatetizetion of & index.

Ws &xre now dertain on the basie of aiforts ssleniing over a
year anu & B=li, and sipporting evidencs fro= cne of ocur
clients wiw also sttampted toc categorise zn cziznsive vocabus
lary, that categorization 18 not practicel fur large systens.

For particular and locel purpoees involving highly specialined
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ccilections of information, it i pssv{ble to ~2%adiish Tela-
tively adequatc categories, or cemantic fertors; 5 avan ohe
straciion ladaers, Bul the more general the =/etem and the
wmore general its use, the murs difficult it becomes Lo set
up adequately defined and muruaily exclusive catugories.

If we were concerned with indexing all materials on a

particular disease we might set up the foliowing 1list of cata«

goriest esymptoms, stiology, treatment, geographicsl distribu

{ion, prougnosis, economic and social faestors, complicetlons,

s gruiips, Or any others which sugpest themirclves 22 goneric

[

of 'ndexing terms. But we doubt ths possibility of devising
a ge'. of catecorise or semantic factors for the tarms used in

indexing the subject of medieine, ths field of sciencs, the

.J

H

irtereata of the Leparireint of Defense, or tha claims of

o}

a

patents. This is not a counsel of despair, but rather realisa
in the face of expevience,

In a certsin sense, this paper may be regarced 2= 4
clearing ¢f the undervrush before beginning construction,

This =meiaphor i sound because it should warn us that under-

Le ]
P

Tae
ch

4

bruzh i8 not something we con ¢liminate once and for all-

siarted 1n the beginring of this naper with certain cuotations
from Dr. Shera's work asnd certain obsecvaticns which seemod

to indicaie that the choking underbrush of hierarchicai cliasszi-
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